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We, International Nickel Limited, a 
British Company, of Thames House, Mill- 
bank, London, S.W.I, do hereby declare the 
invention, for which vvc pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment : — 

This invention relates to the production of. 

10 porous nickel plates which are to be used, 
as accumulator plates and which carry a 
coating of black nickel hydroxide. This hy- 
droxide may be described as having the for- 
mula NiO(OHV 

15 One process for producing such plates, in- 
volving oxidation of porous nicked pktes, 
is described in British Patent Specificatron 
No. 469,453. In this process the porous 
nickel plates are subjected to electrolysis, as 

20 anodes, in an electrolyte consisting of a 
solution of sodium bicarbonate, and the elec- 
trolyte is replenished as necessary during the 
process. A steady direct current is used in 
the process. However, this process is ex- 

25 tremely slow and the results obtained are 
generally not very reproducable. 

The process can be improved by continu- 
ously circulating the electrolyte and by main- 
taining the pH of the electrolyte within the 

30 range"7.9 to 8.5, especially along the outer 
surface of the porous anodes. This control 
can be effected, for instance, by adding gase- 
ous carbon dioxide to the continuously cir- 
culating electrolyte, the How of carbon di- 

35 oxide being controlled by a glass electrode 
pH meter. The process is, however, still 
slow. A rate-controlling factor is the value 
of the direct current passed but in practice 
there is an optimum current value which is 

40 found most readily by a practical test. If the 
current density is too high after sometime 
nickel ions are driven into the bulk of the 
electrolyte by the 0 2 -gas stream leaving the 
[Price 4s. 6d.] 



pores and nickel hydroxide is precipitated 
into the electrolyte instead of into the pores 45 
of the plates, as is desired. This precipitation 
into the electrolyte can be seen and the op- 
timum current density is the maximum cur- 
rent density which can be used without this 
precipitation occurring. 50 

According to the present invention the cur- 
rent used for the electrolytic oxidation, which 
is conducted in a continuously circulated 
sodium bicarbonate solution at a pH of from 
7.9 to 8.5 is a pulsating direct current with 55 
*«e nickel plates always the anodes. The 
< :!«-.' trolyte is continuously circulated in order 
t<:» maintain uniform conditions along the 
~ui<;i surfaces of the porous anodes. 

J.t can be shown that the anodic oxidation 60 
of porous nickel bodies to form nickel hy- 
droxide in a circulating sodium bicarbonate 
solution is a two step reaction. This can be 
understood from the Pourbaix diagram for 
nickel, which is shown in the accompanying 65 
drawing. During electrolysis the anode po- 
tential is always arranged to be above the O a - 
potential line, the process involving oxygen 
evolution. This means that an an electro- 
lyte with a pH value between 7.9—8.5 a flat 70 
Ni-surface will be always passive, since, al- 
though the oxygen evolution creates H + ions, 
the circulation of the electrolyte prevents a 
sufficient decrease of the pH value in the 
surface layer on the electrode to produce 75 
Ni 2+ ions. However, in a porous body, the 
oxygen evolution by electrolysis results in a 
sharp decrease in the pH value in the elec- 
trode surface layer and its environments in- 
side the porous system, thus creating nickel 80 
activity and dissolution of Ni 2+ ions. These 
ions are oxidised and precipitated by hydro- 
lysis as soon as they reach areas with a suffi- 
cient high pH value. 

Now., il the pH. value of the electrolyte is 85 
above 8.5 the outer surface of the porous 
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plate remains passive and its colour does 
not change to black since the electrolysis 
cannot decrease the pH value in the surface 
layer of this region sufficiently to create ac- 
tivation. Only inside the porous plate is 
there activation, and formation of black 
NiO(OH). Below pH 7.9 there is too much 
NiO(OH) precipitated on the outer surface 
of the plate, and this tends to blister after- 
:some time; 

At high d.c. current densities the pH in the 
pores Qftgbe plate decreases so much that 
-part orine nickel ions cannot precipitate 
before they are driven into the bulk of the 
electrolyte by the gas stream envolving from 
the pores. This happens quicker as the pH 
of the electrolyte approaches its lower limit 
of 7.9, which is for this reason the mini- 
mum pH value at which the process can be 
conducted satisfactorily. In any case a pH 
value below 7.9 cannot be maintained at low 
cost because a CO z pressure above 1 atm is 
required for it and so, even if the current 
density and other conditions of operation 
could be chosen satisfactorily the process 
would not be acceptable economically. It is 
the decrease of the pH-value in the electrode 
surface layer that requires the application 
of the highest current density and in the in- 
vention dissolution of the nickel occurs pri- 
marily during the periods of higher current 
density while the hydrolysis of the dissolved 
nickel occurs mainly during the periods of 
lower current density. By using a pulsating 
current a higher mean current density can 
be used and thus plates of a given capacity 
can be produced more quickly than when a 
steady direct current of the optimum value 
is used or, alternatively, in a given time plates 
of a higher capacity can be obtained. If a 
steady direct current density above the op- 
timum were applied, on the other hand, 
nickel ions would be driven into the bulk of 
the solution. 

As an example, a plate having a thickness 
of about 1 mm and a porosity of between 
68 and 72% (i.e. 68—72% by volume open 
space) and which has been made by roll com- 
paction and carbonyl nickel powder, and 
which does not contain an inner metal grid, 
generally has an optimum current density of 
20 mA/cm a , while using a pulsating cur- 
rent, the mean current density can be 25 
mA/cm 2 , an increase of 25%. 

The nickel plates for alkaline batteries 
which are to be anodically oxidised in the 
invention must be very porous in order that 
they may have a large area which can be acti- 
vated by the black nickel hydroxide coating. 
For example they should have a porosity 
of from 50 to 90%, preferably above 70%. 
They will generally have a thickness of not 
more than three millimetres although thicker 
plates may be made. The plates may be 
made by various methods. Thus they may 



be made by loose sintering, by a slurrv tech- 
nique or by roll compaction. With* plates 
having a thickness of more than 1, or at 
most 1.5 mm, it is highly preferred that thev 
should contain an inner metal grid since 70 
then oxidation not only starts from the outer 
surface of the plates but also starts to grow 
from the grid surface, inside the porous body 
during the oxidation. This happens because 
the presence of the grid changes the potential 75 
distribution along the inner~ surface of the 
porous body, the conductivity of the nickel 
grid being distinctly higher than that of the 
porous nickel body, (see : Tracey and Perks, 
Powder Metallurgy, 1963, No. 12, p. 60 80 
table II). For example the resistivity of 
compact Ni is 6.05 microohm cm while that 
of porous sintered nickel bodies between 60 
— 110 microohm cm. Care must, however, 
be taken to see that the grid does not poison 85 
the plates and upset the oxidation process 
but this risk can usually be reduced by plat- 
ing the grid with a coating of nickel or by 
using pure Ni-grids. The" method of pro- 
ducing plates having an inner grid and which 90 
is described and clamed in "British Patent 
Application No; 5S90/63, No. 1,024,371, is 
particularly suitable. For plates less than 
1.5 mm thick it is not essential for them to 
contain metal grids, although it is highly 95 
advantageous that they should, if they are 
to be used for positive alkaline battery 
plates. 

In any process of making the plates which 
involves loose sintering this sintering should 100 
be carried out in such a way that the metal 
bonds in the porous body are so strong that 
the attack by the oxidation process does not 
weaken them to a dangerous degree. In 
general, therefore, the highest possible sinter 105 
temperature should be used. 

The sodium bicarbonate electrolyte used in 
the invention preferably has a concentration 
of from 80 to 135 grams per litre and is pre- 
ferably maintained during the process at a 110 
temperature of from 50 to 70°C. At tem- 
peratures below 50°C nickel tends to dissolve 
into the bulk of the electrolyte while at tem- 
peratures above 70°C crystals are shed from 
the electrolyte and encroach along the lugs of 1 1 5 
the plates and along the walls of the con- 
tainer in which the electrolysis is being car- 
ried out. The solution is preferably an al- 
most saturated solution at the temperature 
at which it is being used. For instance, it is 120 
generally preferred to use a solution having 
a concentration of 130 grams per litre, since 
this is almost saturated^at a temperature of 
55°C, which is a preferred temperature. 

The process may be conducted with the 125 
pH of the electrolyte being maintained with- 
in any narrow range within the range 7.9 — 
8.5. For instance, satisfactory results for 
1 mm thick plates can be obtained if the 
electrolyte is maintained within the pH range 130 
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8.3 to 8.5, or the range of pH-value can be 
reduced to 8.1—8.3, and for thicker plates 
it is preferred that the pH should be kept 
between 8 and 8.2. 

The optimum values for the basic cur- 
rent density, the maximum current density, 
the frequency of pulsing and the relative dur- 
ations of the pulses are, in general inter- 
related and will depend also on the particu- 
lar plates being used. Tn practice, how- 
ever, the mean current density will always, in 
the process of the invention,' be greater than 
the optimum value of the steady direct cur- 
rent which can be applied. 

The frequency of pulsing is not critical, 
but it is, however, controlled by the fact 
that if the high pulse, that is to say the pulse 
during which the current density is above 
the mean current density, is too long the 
disadvantage, which arises with high d.c, 
of nickel going into solution arises, while if 
the high pulse is too short sufficient dissolu- 
tion of nickel does not occur during the pulse 
because the pH-value in the electrode sur- 
face layers cannot be decreased sufficiently. 
Generally the high pulse must be on for at 
least 0.2 seconds and best results are ob- 
tained with a high pulse lasting for from 
0.4 to 1 second. 

The low pulse, i.e. the pulse during which 
the current density is below the mean cur- 
rent density must be long enough to hydro- 
lyse nickel salt which has been "brought into 
solution during the high pulse. The optimum 
high pulse/ low pulse lime ratio will depend, 
to some extent at least, on the value of the 
high current density during the period of 
high density, the greater being this current 
density the longer being the period of low 
current density needed to permit the dis- 
solved nickel to be hydrolysed to the hy- 
droxide. Thus the frequency of the pulsat- 
ing current should be below 4 cycles per 
second, while there is no advantage to be 
gained in going below one quarter cycle 
per second. 

The value of the current density during a 
low pulse should not be greater than the 
value which is the optimum when a steady 
direct current is passed, but it should be 
greater than zero. For example, if the op- 
timum for a steady d.c. is 20 mA/cm 2 the 
lower current density is preferably from 1 
to 20 mA/cm 2 , and if the optimum for a 
steady d.c. is 25 mA/cm 2 , the lower current 
density is preferably from 1 to 25 mA/cm 2 . 
It is often preferable that the lower current 
density should be greater than 10 mA/cm 2 . 
The current density is calculated on the ap- 
parent surface area obtained by multiplying 
the length of the surface by the width. 

The maximum current density during a 
high pulse is generally preferred to be less 
than five times the optimum steady d.c. cur- 
rent density. In addition to the require- 



ment that the maximum should not be too 
high, so also should the mean not be too 
high, as otherwise passivation still occurs, 
after about one third of the electrolysis time. 
This occurs because after this period most 70 
of the inner surface of the porous plate is 
covered with NiO(OH) and the current den- 
sity at the remaining nickel surface is so high 
that the anode potential reaches a value 
which is within the passive Ni0 2 region and 75 
cannot be brought into the region of activa- 
tion by lowering the pH. 

Under these circumstances the current 
efficiency of the oxidation process is only a 
few % and although under these conditions 80 
the current produces almost only oxygen, 
and H + ions, the decrease of the pH value 
is limited because now the reduced pH pro- 
duces C0 2 , bicarbonate reacting to form car- 
bonate, and this results in the pH being 85 
buffered so that it no longer can be re- 
duced to a value when the nickel becomes 
active again. For this reason in general the 
mean current density is preferably not greater 
than 1.5, times the optimum steady direct 90 
current density. For the same reason the 
total electrolysis time for 1 mm thick porous 
nickel plates without an incorporated grid 
can be more efficiently brought down to 25 
hours. With a mean current density 1.25 95 
times the optimum d.c. density than with 1.75 
times that value. 

It is also favourable to reduce substan- 
tially, e.g. by half, the maximum current 
density after the electrolysis has been pro 100 
ceeding for some time as this can result 
in a considerable saving in current without 
prolonging unduly the duration of the elec- 
trolysis. For instance, the maximum current 
density can be reduced to half its value after 105 
from 16 to 25 hours, 20 hours being a con- 
venient duration for the initial stage, for 
high porosity 3 mm thick plates including a 
nickel grid. 

The current density preferably pulsates 110 
with square pulses, these being preferred 
because they can readily be generated at the 
low frequencies involved in the invention, 
but other pulses, for example sinusoidal or 
saw-tooth pulses, may be used. Some ex- 115 
amples of the invention are now given. 

Example 1 

Three sets of nickel sheets without a grid 
and 1 to 1.2 mm thick with 70% porosity, 
were anodically oxidised until they had a 120 
current capacity of 30 mAh/cm 2 , thus ren- 
dering them suitable for use in nickel-cad- 
mium alkaline accumulators. 

The first set of plates were merely sub- 
jected, as anodes, to electrolysis in a con- 125 
centrated solution of sodium bicarbonate at 
50°C, gaseous carbon dioxide being formed. 
A steady direct current yielding a density of 
20 mA/cm 2 was passed. Variable results 
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were obtained but the process usually had to 
be carried out for 80 hours or more before 
the required current capacity was obtained. 
The second set of plates were subjected 
5 to electrolysis, as the anodes," in a sodium 
bicarbonate solution which had a concen- 
tration of 130 g/1, which had a temperature 
of 60°C, which was continuously circulated 
past the anodes and to which carbon dioxide 

10 was added as necessary to maintain its pH 
within the range 83 to 8.5. A steady direct 
current yielding a current density of 20 
mA/cm 2 was passed. The process had to 
be carried out for from 50 to 55 hours be- 

15 fore the required current capacity was ob- 
tained. 

The third set of plates were subjected to 
anodic oxidation according to the invention. 
The electrolyte was a solution of sodium bi- 

20 carbonate having a concentration of 130 g/1 
and had a pH of 8.1 to 8.3 and a temperature 
of 55 °C The solution was continuously cir- 
culated past the anodes and carbon dioxide 
added as necessary to maintain its pH con- 

25 stant. A direct current on which a square 
pulse current was superimposed was passed, 
the lower current density being 10 mA/cm 2 
and the maximum current density of the 
square pulse being 60 mA/cm 2 , 3 times the 

30 optimum d.c. density. The frequency of 
pulsing was i cycle/ sec and the high pulse: 
low pulse time ratio of the square pulses 
was 3:7, with the result that the mean cur- 
rent density throughout the process was 25 

35 mA/cm 2 , that the mean was 1.25 times the 
optimum d.c. density and that the high pulses 
lasted 0.6 seconds. This process only had to 
be carried out for about 25 hours for the 
plates to have the required capacity of 30 

40 m Ah/cm 2 . 
Example 2 

3 mm thick plates having a stretched 
nickel grid and which had been produced 
by a process as described in Specification No. 

45 5890/63, No. 1,024,371, were electrically 
oxidised in a sodium bicarbonate electrolyte 
having a temperature of 55°C, a concentra- 
tion of 130 grams per litre and a pH of be- 
tween 8.1 and 8.2. The electrolysis was car- 

50 ried out using a pulsating current of \ cycles 
per second having a high pulse/ low pulse 
ratio of 3:7, a maximum current density 
of 60 mA/cm* and a minimum current den- 
sity of 10 mA/cm 1 , with the result that the 

55 mean current density was 25 mA/cm 2 . After 
passing this current for 52 hours the plates 
had a capacity of 65 mAh/cm 2 . In other 
tests using these plates and the same elec- 
trolyte it was found that the results deterior- 

60 ated when the maximum current density was 
80 mA/cm 2 or higher. 

Comparison of Example 2 with the third 
set of plates of Example 1 shows that using 
the same pulsating current for 1 mm thick 
65 plates without a grid and 3 mm plates con- 



taining a stretched meiai nickel grid, the 
total oxidation time per unit thickness in 
both cases is almost the same. 

The 1 mm plates gained a capacity of 
15 mAh/cm 2 after the first 6 hrs. There- 70 
after the oxidation speed slowed down to 
an almost linear value of somewhat more 
than 7 mAh/cnr for 10 hrs, finally result- 
ing in a total gain of about 30 mAh/cnr 
after 26 hrs. The 3 mm plates gained a cap- 75 
acity of about 40—41 mAh/cm 2 after 10 
hrs, this corresponding to the greater inner 
surface. Thereafter the oxidation speed 
slowed down to an almost linear value of 
somewhat more than 5 mAh/cm 2 for 10 hrs, 80 
finally resulting in a total gain of 65 mAh/ 
cm 2 after 52 hours. It is shown from photo- 
graphs of partially oxidised plates of both 
types that, this striking effect is due to the 
presence of the grid, which enables the oxid- 85 
ation to start from the grid surface within 
the porous body of the plate as well as from 
the outer surface of the plate. 

For 3 mm plates without a grid, the total 
oxidation time to a capacity of 65 mAh/cm 2 90 
can be estimated at 75 — 80 hrs. This esti- 
mation is made as follows : 

At least 3x6 hrs, = 18 hrs, to yield a 
capacity of 40 — 45 mAh/cm 2 and thereafter 
half the oxidation speed as obtained for 1 95 
mm plates, this being 3.5 mAh/cm 2 , for 10 
hrs to yield remaining 20 — 25 mAh/cm 2 , 
this being about a further 60 hours, which 
gives a total of 75 — 80 hrs. 

WHAT WE CLAIM IS : — 100 

1. A process for the production of an 
accumulator plate in which a coating of black 
nickel hydroxide is formed on a porous 
nickel plate by electrolytic oxidation in a 
continuously circulated sodium bicarbonate 105 
solution at a pH of from 7.9 to 8.5, using a 
pulsating direct current with the nickel plate 
always the anode. 

2. A process according to claim 1 in 
which the pH of the electrolyte is from 8.1 110 
to 8.3. 

3. A process according to claim 1 in 
which the pH of the electrolyte is from 8.3 
to 8.5. 

4. A process according to claim 1 in 115 
which the pH is from 8.0 to 8.2. 

5. A process for the production of an ac- 
cumulator plate, in which a porous nickel 
plate is subjected as anode to electrolysis in 

a continuously circulated sodium bicarbonate 120 
solution having a pH of from 7.9 to 8.5, a 
concentration of from 80 to 135 grams per 
litre and a temperature of from 50 to 70°C 
with a pulsating direct current consisting of 
pulses of higher current density lasting for 125 
from 0.2 to 1 second and having a frequency 
of between 4 and 1/4 cycles per second. 

6. A process according to claim 5 in 
which the pH is from 8.0 to 8.2. 
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7. A process according to claim 5 or 
claim 6 in which the duration of the pulses 
of high current density is from 0.4 to 1 

second. f 
5 8 A process according to any one oi 
claims 5 to 7 in which the solution has a 
concentration such that at the temperature 
of operation the solution is almost saturated. 
9. A process according to claim 8 in 
10 which the solution has a concentration of 
130 grams per litre and is used at a tem- 
perature of 55 °C. f 

10 A process according to any one oi 
the precedin2 claims in which the plate has a 

15 thickness of greater than 1 mm and contains 
a metal grid. - 

11 A process according to any one oi 
^preceding claims in which the maximum 
current density is less than 5 times the opti- 

20 mum steady d.c. density. 



12. A process according to any one of 
the preceding claims in which the mean cur- 
rent density is less than 1.5 times the opti- 
mum steady d.c. density. 

13. A process according to any one of the 
preceding claims in which the maximum cur- 
rent density is reduced by half after 20 hours 
or more. . 

14. A process according to claim 1 sub- 
stantially as herein described with reference 
to Example 1, or Example 2. 

15. Plates produced by a process accord- 
ing to any one of the preceding claims. 

For the Applicants : 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane, 
London, W.C.2. 
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